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EXHIBIT 2 
New Drug Development 



RECOMBINANT HUMAN TUMOR NECROSIS FACTOR RECEPTOR (p75) 
Fc FUSION PROTEIN (TNFRJc) IN RHEUMATOID ARTHRITIS 

Kim M Murray and Stephen L Dahl 



background: Tumor necrosis factor (TKF) is the dominant 
matiaior of die cytokine cascade thai causes inflammation and jcini 
destruction in rheumatoid anhritis. A new class of agents under 
investigation, the biologic TNF inhibitors, inhibits the activity of 
TNR Recombinant human TN F receptor p?5 Fc fasion protein 
(TNFR:Fc: Enbrel) blocks the activiry of the cytokine TNF. The 
pnxJinicaJ, Prjase I, and Phase I] data of TNFRiFc in rheumatoid 
arthritis arc reviewed in rhls article. 

^OT^on^i All available dala mi TNFRiFc in rheumatoid arthritis 
were reviewed. These data included published literature arid caLa on 
filt! fii ihe manufacturer, 

results: TNFR:Fc has been effeaive in many models of 
imlarninadon, including animal models of rheumatoid arthritis and 
in clinical rheumatoid arthritis trial*. Conclusions from a study with 
TNFR "knockouT mice (genetically altered mice mcapaWc of 
producing TNKK proteins) demonstrated to p75 TNFR is a natural 
antagonist ofTNF-mediated inflammation. Aplaccbo^ontrollcd, 
dose-escalation, Phase 1 trial evaluated the safety and efficacy of 
TNFR:Ec in patients wiih rheumatoid arthritis. There were no 
serious adverse effects reporxed A Phase D. rdiuJornizcd. double- 
blind, pjecfibo-controlled irial evaluated I BO patienis with active 
rheumatoid arthritis whose previous therapy had failed. A dose- 
response relationship was observed in the number of tender and 
swollen joints; patients who received the highest dose (US mg/m 7 ) of 
TNFR:Fc had the greatest improvement. Treatment was generally 
well tolerated. TNFRiFc is noniramunogerric; no antibodies to 
TNFR:Fc have teen delected thus far in human studies. 
CONCUStaxs: Preliminary data indicate thai TNFRiFc is an 
c*cdlem candidate for future long-term studies in (he treatment of 
rheumatoid arthritis. 

k£y woiujS; tumor necrosis factor, rheumatoid arthritis, recombinant 
human tumor necrosis factor receptor p75 Fc fusion protein. 

Am Pkanrueether 1997;31:1335-8. 



rheumatoid arthritis is a chronic, progressive, systemic, 
inflammatory disorder of unknown etiology characterized 
by symmetric, erosive, disabling, deforming polyaithrius 
and u wide array of extraarticular complications, 1 There i$ 
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no known cure for" rheumatoid arthritis, but treatment with 
nonsteroidal antiinflammatory drugs (NSAlDs) or gluco- 
corticoids may provide relatively rapid attenuation of joint 
pain and swelling, reduce duration and intensity of morn- 
ing stiffness, and reduce fatigue. 1 Disease-modifying anti- 
rheumatic drugs (DMARDs) may be added to NSAlDs 
and/or glucocorticoids and may delay disease progression- 
1 oese agents include hydroxychloroquine, methotrexate, 
sulfasalazine, r>penicillarnine, gold (chrysotherapy), and 
azathioprine, Cyciosporine is another option for patienis 
refractor/ to other therapeutic interventions.* These agents 
have adverse evsnt profiles that may limit their long-term 
administration.^ To improve response rates, both in terms 
of proportion of responders and degree of response com- 
bination DMARD therapy is beaming comraonplacc. 6,y 

Despite the increasing number of treatment options* 
many patients remain unresponsive to, become unrespon- 
sive to, or cannot tolerate available treatments. Conse- 
quently, research continues for new and better-tolerated 
therapies to attenuate the inflammation and pain associated 
with rheumatoid arthritis, and to halt progression of ero- 
sive joint damage. A new class of agents under investiga- 
tion, the biologic tumor necrosis factor (TNF) inhibitors, 
includes recombinant TMF receptors and anti-TNF mono- 
clonal antibodies. These agents inhibit TNF, a specific acti- 
vator of the immune system. Recombinant human TNF re- 
ceptor p75 Fc fusion protein (JNFRJFc, Enbrel. Immuncx, 
Seattle, VYX), which blocks the activity of the cytokine 
TNF, is reviewed in this article. 

Biologic Activities of Tumor Necrosis Factor 

TNF is one of the most abundant cytokines produced by 
macrophages and activated T ceils, especially endotoxin- 
stimulated macrophage. TNF exists as a transmembrane 
protein and can circulars in the serum as soluble TNF after 
being cleaved from the cell surface by proteolysis. It was 
named TNF because it was found in the serum of animals 
receiving endotoxin and could induce hemorrhagic necro- 
sis in tumors.* 

At low concentrations, TNF enhances the protective in- 
flammatory response, It aids in extravasation of neutro- 
phils, lymphocytes, and monocytes into the tissues by in- 
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creasing the expression of adhesion molecules (intercellular 
adhesion molecule- 1, vascular cell adhesion molecule- 1, 
endothelial leukocyte adhesion molecule-1) on vascular 
endothelial ceils. 50 TNF activates and enhances the func- 
tion of various leukocytes, including neutrophils, macro- 
phages, and eosinophils. At high concentrations. TNF can 
function as a pyrogen by acting directly on the hypothala- 
mus to elevate the body's thermal set point. In addition, it 
can activate the dotting system and indues production of 
acute-phase proteins, and can cause suppression of the 
bone marrow. 

TNF mediates the cytokine cascade mat causes inflam- 
mation and joint destruction in rheumatoid arthritis, TNF 
concentrations are elevated by up to 50% in rheumatoid 
synovial fluids, particularly in patients with more severe 
disease or win high concentrations of white blood cells in 
the synovial fluid. 11 TNF is abundant in macrophages in 
the rheumatoid synovial membrane and TNF-containmg 
cells are localized to the pannus (articular cartilage in the 
joints of patients with rheumatoid arthritis), suggesting 
production near the site of tissue destruction. 13 further- 
more, TNF receptors arc localized to macrophages and fi- 
broblasts in the rheumatoid synovial lining layer, as well as 
to lymphocytes and endothelial cells in the subsynovial 
membrane, which suggests that a variety of cells in the 
rheumatoid synovial membrane are potential targets for 
TNF" 

There is increasing evidence mat an imbalance among 
cytokines contributes to the chronic inflammation of 
rheumatoid arthritis, Interleukin (TL)-2 7 IL-3, and interfere 
on-gamma are expressed in unexpectedly low concentra- 
tions, whereas cytokines generated by macrophages (IL-1, 
1L-6, TNF, granulocyte-macrophage colony-stnrnjteting 
factor) are abundandy expressed. Although multiple cy- 
tokines are involved in the pathogenesis of rheumatoid 
arthritis, TNF is the dominant driver of other cytokines, in- 
cluding EL- 1 andIL-6* 

Naturally Occurring Tumor Necrosis Factor 
Receptors 

Two distinct TNF receptors (TNfRs) have been identi- 
fied: the 75-kilodalton (kDa) or p75 receptor and the 55- 
kDa or p55 receptor (formerly referred to as p&G and p60, 
respectively). 15 Both the p75 and p55 TNFRs e*ist as cell- 
surface and soluble forms and both forms bind TNF with 
equal affinity. TNF cell surface receptors are present on 
virtually all cell types , including macrophages, lympho- 
cytes, and neutrophils. TNF must bind to two or three cell 
surface receptor molecules for .signaling to occur, resulting 
in a biologic effect. Binding to a single cell surface recep- 
tor does not result in signaling. 

Monomeric fragments that comprise the extracellular 
portion of the cell surface receptors can leave the cell sur- 
face and then are referred to as soluble TNFRs (sTNFRs}. 
sTNFRs are present in a number of body compartments 
and elevated concentrations of sTNFRs have been found in 
die circulation of patients with rheumatoid arthritis.** sTN- 
FR concencrao'ons measured by enzyme-linked immuno- 
sorbent assay are higher in synovial fluid samples com- 



pared with serum sample concentrations in patients with 
rheumatoid arthritis. The balance or imbalance between 
cytokines and their natural inhibitors may play a role in 
chronic rheumatoid arthritis . 17 

Viruses have used sTNFRs effectively to avoid the hu- 
man immune response against their invasion. Certain pox 
viruses have captured the DNA sequence for p75 receptor 
and used the sequence to encode a protein that neutralizes 
TNF. This activity may allow the virus to escape the an- 
tiviral effects of TNF. These data strongly support the theo- 
ry that p?5 sTNFR is the natural antagonist of TNF activity* 

Recombinant Donor Necrosis Factor Receptor p75 
Fusion Protein 

Ideal feamres for a therapeutic entity to treat rheumatoid 
arthritis include long-term efficacy (symptom relief), con- 
venience of use, and minimal adverse effects. TNFR:Fc, a 
biologic TNF inhibitor, is a recombinant form of the hu- 
man p75 sTNFR fused to the Fc fragment of human im- 
munoglobulin CI , w The resulting molecule, TNFR;Fc, is a 
dimer consisting of two sTNFR molecules per Fc mole- 
cule expressed in mammalian cells. TNFR:Fc exhibits 
higher binding affinity for TNF and more potent TNF in- 
hibitory activity in vitro and in a mouse model of septic 
shock than does the soluble monomeric form of TNF re- 
ceptor TNFRiFc binds TNF with the same high affinity as 
surface-bound receptors. TNFR:Fc is a potent antagonist of 
TNF biologic activity both in vitro and in vivo. TNFR:Fc 
has been effective in many models of inflammation, in- 
cluding animal models of rheumatoid arthritis and in clini- 
cal rheumatoid arthritis trials. In addition, the serum half- 
life of the TNFR:Fc fusion protein is increased dramatical- 
ly in comparison with the monomer. 20 This longer half-life 
allows for a convenient dosing schedule. The TNFR:Fc 
molecule was constructed to provide these features. 

Preclinical Triab 

Conclusions from a study with TNFR "knockout" mice 
(mice genetically altered to be incapable of producing 
TNFR proteins) demonstrated that p75 TNFR is a natural 
antagonist of TNF-mediated mflammation, while p55 
TNFR is an important signaling receptor for Marnmatory 
responses. In animal models of inflammation, TNF is still 
present in serum, but is biologically inactive after adminis- 
tration of TNFR:Fc. An sTNFR can act as a physical carrier 
of TNF, but is at the same time an effective TNF antagonist. 18 

In mice with collagen-induced arthritis, TNFRrFc given 
on days 14-28 after collagen administration minimised 
the development of arthritis." The incidence of disease in 
the treatment group was decreased to 28% compared with 
in the control group (p < 0.03), and the severity of 
arthritis was also significantly reduced. In mice with estab- 
lished collagen-induced arthritis, TNFR:Fc reduced the 
severity of disease when given on days 1-14 after disease 
onset Disease was less severe in mice treated with 
TNFR:Fe than in the control group (p < 0.05) at 7.5 weeks 
after disease onset: this difference was even greater at th* 
completion of the experiment at 10 weeks (p < 0.005). 
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Clmcal Trials 

PHASE l 

A plocebCKJontruiletJ, dose-escalation, Phase I trial eval- 
uated the safety and efficacy of TNFR:Fc in patients with 
rheumatoid arthritis. 22 Doses of TNFR:Fc 2, 4, S, or 16 
mg/m 2 administered subcutaneously twice weekly for 4 
weeks (8 subcutaneous injections} followed a single intra* 
venous loading dose. At tha end of the treatment period, 
:ht placebo-treated patients were treated with TNFR:fc. 
An additional 6 patients received TNFRiFc in an open-la- 
bel phase to obtain additional safety data, for a total of 22 
patients treated with TNFR:Fe in this study. There were no 
serious adverse effects reported. The most common ad- 
verse event was mild injection site reactions, which did not 
cause discontinuation of the drug. All patients tested nega- 
rive for antibodies to TNFR iFc. This study had a small 
number of patients and was designed to determine a safe 
dose. 

In a study of subcutaneous bioavailability of TNFRJFc, 
two single 10-mg doses ot"TNFR:Fc, one subcutaneous 
and one intravenous, were administered to six (3 women, 3 
men) healthy volunteers. 18 Following subcutaneous admin- 
istration, the mean maximum concentration (C™,) wqs 
0.43 ± 0.21 ug/mL, the mean time to reach was 66 ± 
22 hours, AUC was 81 .7 ± 24.6 ^g»h/mL, and the appar- 
ent clearance was 0.13 ± 0.04 mLfo. The terminal half-life 
was 92 ± 8 hours and subcutaneous bioavailability was 
approximately 60%; these parameters provide the rationale 
for twice-daily .subcutaneous dosing. The pharmacokinetic 
characteristics of TNFR:Fc have not heen determined in 
patients with rheumatoid arthritis. 

phase n 

A Phase Tl, randomized, double- blind, placebo-con- 
trolled trial included 180 patients with active rheumatoid 
arthritis whose ihcrapy had failed with at least one, but not 
more than four, DM ARDs. 23,24 Patients had at least a 1- 
month washout of any current DMARD therapy; 33% of 
patients were receiving methotrexate at the time of screen- 
ing. Active rheumatoid arthritis was defined as 10 or more 
swollen joints and 12 or more tender joints. At least one of 
the following parameters was required for entry into the 
study: erythrocyte sedimentation rate (ESR) 28 rrmVh or 
more, C-reactive protein (CRP) greater than 2 m^dL, or 
morning stiffness lasting 45 minutes or more. At th& time 
of screening, approximately 70% of patients were receiv- 
ing prednisone dosages of 10 mg/d or more (or its equiva- 
lent) and approximately were taking NSAlDs. 

Patients were randomized to receive 0.25, 2, or 16 
mg/m 2 of TNFR:Fc or placebo administered subcuta- 
neously twice weekly for 12 weeks. A dose-response rela- 
tionship was observed in die number of tender and swollen 
joints; patients who received the highest dose ( 16 mg/m 2 ) 
of TNFR:Fc had the greatest improvement. The placebo 
group and the group that received me lowest TNFR:Fc 
dose (0.25 rng/nr) exhibited an initial placebo response, 
but no further improvement was noted thereafter. Patients 
who received TNFR;Fc 16 mg/m 2 experienced a mean rc- 



TNPR:Fcp7S in Rh* umtuoM Arthritis 

duction of 61% (p < 0.001) in total swollen joint count 
compared with those receiving placebo. 3 * 

Patients wtre also evaluated to determine whether they 
achieved eithei 20% or 509k improvement, using the pre- 
liminary core set of disease activity measures for rheuma- 
toid arthritis clinical trials proposed by the American Col- 
lege of Rheumatology for active rheumatoid arthritis. 25 Re- 
sponse criteria included a 20% or 50% reduction in the 
number of swollen and tender joints and the same degree 
of improvement in at least three of five other variables: vi~ 
sua! analog score (VAS) measuring pain, degree of disabil- 
ity Health Assessment Questionnaire (HAQ), patient's 
global assessment, physician's global assessment, and ESR 
or CRP At 3 months 75% of the patients receiving TNFR:Fc 
16 rng/ra 2 had at least 20% improvement compared with 
14% of the placebo group (p < 0.001); 51% of the patients 
receiving TNFR:Fc 16 mg/m 2 had at least 50% improve- 
ment compared with 7% of the placebo group (p < 

0. 001).* 

Treatment was generally well tolerated. The most com- 
mon adverse effect was redness at the injection site, with 
some patients experiencing mild discomfort. Injection site 
reactions were more common in the high- dose treatment 
group. There appeared to be an increased incidence of mild 
upper respiratory tract infections in patients receiving 
TKFR:Fc 2 and 1 6 mg/nr. These coi editions were not con- 
sidered serious and no patient with upper respiratory tract 
symptoms discontinued the study. The contribution of 
TNF inhibition to these events needs further investigation 
and clarification. Early study discontinuations were mainly 
seen in the pJacebo (n = 2 1 ) and low- dose (n= IS) treatment 
groups, usually due co disease exacerbation. Other causes 
for Study discontinuation were few and equally distributed 
across treatment -groups. No anti-TNFR:Fc antibodies 
were detected during or after treatment with TNFR:F:.^ 

Mean ESR, CRP, duration of morning stiffness, global 
assessment by patient and physician, HAQ t and VAS were 
improved in patients receiving the TNFR:Fc 2 and 16 
mg/m 2 doses. The group receiving TNFR:Fc 16 mg/m 2 
had a mean 31% decrease in ESR at weeks 4 and 12. The 
study was powered to determine the difference in dose-re- 
lated efficacy and adverse effects during a short (3-mo) tri- 
al period. 

Conclusion 

TNFR:Fc, a biologic TNF inhibitor, interferes with the 
cytokine cascade involved in the inflammatory process. In 
the Phase II clinical trial, TNFR:Fc was generally well, tol- 
erated and effective. TNFRrFc is nonimmunogenic; no an- 
tibodies to TNFR:Fc have been detected thus far in human 
studies, Preliminary data indicate that TNFR:Fc is an ex- 
cellent candidate for future long-term studies in the treat- 
ment of rheumatoid arthritis. ~ 
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EXTRACTO 

oajirrrvo: El factor dc nccrwis d< tumor (FNT) es el mediador mai 
domiriBTitc on la cascada dc atocinas. que causa inflarnacifiri y 
desmuxit^n de coyunturas en artritis leunmtoidei Una rrueva clase 6c 
v&clti bajo irr/csbjjacioTi, los inhibidores biol^g>cos de FNT, inhiben ia 
actividad dc FNT. La prgteina hwnana de recombinaciort del receptor 
p75Fc (FNTRjFc: £nbreO bioqiiea b actividad dc la eweina FNT. Los 
daros obamiiu?, cfuranr* cs&icKosi dc fase I y II de iWR.:Fc en arrritis 
jeumarotdea sewn repasados e,i cstc amcula 
Mi^rmBOj?: TorJos los daios disponiMes sobrc fiST["R:Fc en el tratamiento 
de arrriris reurnatctdea fucron rcpasados. Btos dates incluyen la 
litcrujur-d pubUuada y daios en los archives del rnajwteturcro 
(IrnjBucKx). 

ttflSULTAixvi: FNTltFc ba adverso efectivoen rnuchos modek^ de 
inflamact6n T induyendo modcios de animaler. con arm lis reurruatoiika y 
on cicudios cKhicosi de anritis reumatoidea. Las conclcsiones de un 
esuidio con ratones dcmo>trr3 que p75 PWT^ « un antagonista nacural 
dc la uiRarnacidn mediada por FNT. Un estudio de fase 1 a)ntrolado por 
placebo, am dosls tvcalacas, cvaiud la s^curidad y encacia dc FNTR:Fc 
en pacienies con anritis reumatoidea. No ac rcponaron cfecios advereos 
sevcros. Uh csrudio de fase TI aleaioria dcble cieg<\ conuolado por 
placebo, eyalu6 1 80 pacientes con artritis reurnaioidea aoiva a los 
cuaJw no respondfart a craumientoii prev n »s. $t obseivo uria rciacion dc 
dosis-respvesia cn la cantidad de coyurifurds iensibles e iullamadas, y 
los parientes <juc rccibieron la rJasis mis alia (16 mg/m 2 ) de FNTR:Fc 
focrc'Ti los que mis mcjoraron. El Lracamiemo fue en genertu 1 bien 
toleradu. F.I FNTR:Fc no es ?mmunogenicp; haste d raomenrg no han 
detcctado anrjcuerpf.f cn estucfios humanos. 
conclusions Losd^ws preltminares demucstnui que FNTR:fi: un 
candidiito sxcelente para tururw; estudios tie UJO pfolongado en el 
rraiamicmo de nrtrids xumatoidea. 

SON!^ I t.l.'GO ' 
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